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f, INTRODUCTION
Thig domowrzh, the thiruy-sixth in a series of informal lZetters geporting

rrcgress of the NERVA engine development program and its associ&ied tasks,
is submictted in partial fulfillment or AZC-NASA contract SNP-1. ?It covers

tne perisd of April through June 1965 - the 3ra guarter of Contract Year

The work accomplished is summarized in Section IT of this report, in

]
whick the overall program is discussed in Paragraph A, the majo- end item

e

systeme Ir. Parzgravh B, and conclusions in Pairagraph C. Sectiod IIT
1]
. . . . ]
resents u Jdiscussion of work performed and is organized on a Tesk, Sub-
¥ LS K,
task, Luo-subtask basis. . l
[ ',
Otuer re.a%ted quarterly reports issncld under separate covers aslsupple»

Yo

<

mente to this document include the Quality Control and Product Assurance

o8]

eport and the Subtask Milestone Report. i

In order to restrict the amount of material presented to a con%enient

Jquantity, the intent is to include in each report only that di%cussion

which 1s regquired to provide the reader with a concise summarysof the

vwork verformed. TIn general, detailed technical information, lengthy

theoretical derivat.ons, and extensive data tabulations have bLen provided

as aporopriate in special technical reports. list of repor?s published
|

during the reriod is provided under Subtask k.3. ,

This document is the resulit of combined input from Aerojet-General
Corporation and AMF Atomics, a Division of American Machine & Foundry
Company, and Westinghouse Astronuclear Laboratory(which submits its
reports as a separate document directly to SNPO-C and to the standard
digtributior established by SNPO-C for progress letter reports% All

comments relative to the Westinghouse report should be addressed o REON.

PRECEDING PAGE BLANK NOT FILMED.
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il..  SUMMARY
A,  OVERALL PROGRAM ACTIVITIES

The summary remarks following, and in Paragraph B, below are intended as
a progress picture of the overall program. Work end accomplishments in
the sub-tasks essential to the end-items, and to component and

system development, are discussed by sub-task in Section III.

In response to the SV20-C guideline letter of 26 March, studies were con-
ducted with relation to the program for the talance of Contract Years '45,
'66, and ‘67, with resultant program plan submissions and discussions.
Adjustments were made in the overall NERVA schedule to reflect the fuel
decisions, ETS-1 anticipated availability for XECF and XE-1 testing, and
otyier constraints. The resulting overall program schedule and agenc -
budgets for Contract Years '66 and '67 were submitted in REON Report
"N-A-Q00k, and were ‘ntended to be the basis of the definitized Contract
vear 'HH program cost study initiated during the quarter, and due to
SNPO-C in the bth quarior of Contract Year '65. Additional schedular
data weyre submitted in the Quarterly Subtask Milestone Supplement to
Report RN-0560-10-34. The schedule data of Figure 1, NERVA Major Program
Milestone Chart, were submitted in RN-A-O004 to partially define the
nrofam for Contract Years 06 and '67. As presented in Figure 1, the
chart has been uprsradsd as of 1 July to show latest accomplishments and

ae 11
axneeted dales.

Al hemgh bhe submittal of the sbove data is largely of a programming and
nianning nature, it is emphasized in this summary that manv extensive
meeiings, design reviews, and technical studies were conducted to assure
1hat the program wonld be technically balanced to produce the results

desired ecconomirally and within allotted schedule.

During the quarter both REON and WANL became involved in a labor strike
situation, which caused minor perturbations to schedules in affected

areas. At Aerojet during the period of 1 June through 12 July, members
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of Local 946, International Association of Machinists, were on strike.
The impact of this strike was minimized by allocating effort to priority
items which influenced immediate schedule requirements. The msjor por-
tion of the effort was provided by salaried employees.
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NERVA MAJOR PROGRAM MILESTONES - - = J

— 46 5ched Chinfés & Comp 5-3-65 ~ 71365 e  JR S oy T
N e ‘ -——— RIS 7T TR N S Seapr APURT N DI
8-4 MODIFIED ASJC No CODE 2 6-1-64 CUIDELINES X omat s e T v ey [uivigitr egar’
Q ie ¥ ® aeres zeoae Bvriatnd ; [ eus =1 =)
7 %0D 13 TO SNP-1 - ] =0
1? é"a“;g‘m TEST SCaep mcrd CHART: 0}-11, MAJOR PHOGRAM PERICD- CY 63,66,67
Ve T ] . . DATE
i3 S e 3705 1 -6 BT ST Xink sraoe o pmisios, oo i |
e nES : SJC NO: 40/41'HOD B-4"BASIS NID 65 c-n:_& 66-67 BUDGET
40 B-4 MOVIFIED ;
45 Sched Changss & Comp £-7-65~ 5-3-Gf5 CORRENT Tt LeNE v
$/8/T S N 1atesT woutn | rxrlace <Y 943 <Y 087
EVENT 3o DESCRIF: .ON ¥ -""A!I&U—'"'_ CR WO NN tjo N e 2t imiaAlNIl > ALH]
INE 1[5/ CPOTS TEST SERIES 1IN AND 3°15-65 R 4-15-65 TIiRg T T 1
sy %-5 (CONPLETE ACTIVATION §.5) o3l 1 3-15-65 NRA i
TC7 SRX-A3 FI0T POWER 1E55, EP-X, R<0 | 47-65 R 4-23-65 2 Y ]
*START OF POVER TEST* 03} 21 4-7-65 1
I 7 RRX-AC PISY FOIFL TESY 9-4-65 | 9-26-65] | T
2P-K, M.:0, “START POSER TEST* (ALY.} c3} i jomeTep  6-8-65 »
317 "R ¥ST, TRAP 10 RANGE, 10-7 <65 ] 11-5-65 &
ZP-X, R :0. “START POUER TEST™ o3 1 10-7-65 4
ST YL LIVE 0- 1
:Iv TEST, ACCIORIATING 300 SEC. NIx oTje,1 10-30-65
¥ {7 WREAX, FIVSY FOVER YEST, TVN. R0, 3°75-86 | T n
. “START OF POVER TEST" 02} 1 3-28-66 ' Kidd
i 7iC/ PERFOBUNCE DIIONSTRATION ON THREE TFA'S 4-30-56 | 4-30-66 175 »ﬁ
Y SXPO-C 03{44 ...A%ﬂ& | 'y
| K7 WRX-A6, FIRST PORER TEST, EP-¥, R :0 12-21-66 | 12-21-56 IR 1 ] o
: i __“START OF POWER TEST® 03] 1 12-21-66 [ 4
: SiC/ XE-1, FIKST POWER 1957, EP-N, 2,50 "1 3-15-67 | 2-15-67 1 i
¢ ! __“START OF POIER TRST" 23 1 2-15-67 I
T""10i¢/ Xt-2. FIRST POWER TEST, EP-N, B0 9-27-67 | 9-27-67 ; i
“START OF POWER TEST* ozl al 9-27-67 ] s
G/ TKSTALLATION SLi AWF BQUIPWENT 1N 1 7-27-65 1 7-27-65] | N ™
£-MAD o3} 1f 7-27-63 9 P
[C/~ISSUE. PRELINGNARY XE-1 OPERATIOWAL l $-1-65 | 9-i-65 I3
SUPPORT PLAN o3f 1 9-1-65
C7 ACTIVATION ENGINE SYSTEIN TRANSPONT 9-36-65] 9-30-685
MAINTENANCE BUILDING €STIB) 02 1 9-3G-65
S/ EIS-1 NES INTEGRATED TESTS ? 3-14-66] &-1-8% | b <
o2 1 3-14-66 __; () >
TS{C/7 Z-WAD COLD AREA READY 10 ASSY XoCF 9-12-66] 9-12-66 3 =
*ACTIVATION CORPLETE™ 02 1 9-12-63
16{5/ XECF COLD FLOW TEST IR ETS-1 T1-2i-66] 12-5-66 ZS 4
3 11-21-66 *
17]C/ ACTIVATION RADICACTIVE MATERIALS 1-2-67 | 1-2-67 T Axp
STORAGE FACILITY (RMSF) P 1-2-67
18 T0 o1 =267 | 1-2-67 e '{‘ b
XE.1_"ACTAVATION COMPLETE® y 1-2-67 { ML 4
19{C/ T-MAD ¥EST BANK POST NORTSH READY 70 | 1-2-67 1 1-2-67 T ‘ l 450 K
) 1-2-67
01C/ ETS-1 READY TO INSTALL XE-1 1-2-67 | 1-23-67 [ 1 l po| l
*ACTIVATION CONPLATE® o0 1 1-2-67 1 | 3
= REON-ROCKET ENGINE OPERATIONS-NUCLEAR
s_@

Figure 1

IERVA Mejor Program Milestones
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B, PRCGRAM END-ITEMS

1. NRX-A3
The performance of the NR¥-A3 reactor development test series was the
most significant activity during this quarter. Major objectives of
all Experimental Test Plan's (EP's) were met, with the exception that an
early termination of full-power test run, kP-IV, occurred on 23 April,
because of abnormalities in the facilities systems. The facility turbo-
pump shut-down due tc spurious noise in the overspeed trip system, while
a hydrogen leak in the fldw control room was simultaneously building up
a2 councentration which would have probably required an early termination
of test. Excessive tie rod temperatures recorded during the resulting
abnormal shut-down were traced to a GH2 flow which was lower than
planned. Following examination of available test data, the balance of
the EP's were conducted, and over 16-minutes of full-power operation
were concluded.- Disassembly and post-mortem, partially completed during
the quarter, disclosed that (in general) the components of the test
assenbly were in excellent condition. Data were accumuletea that will

lead to the reduction of fuel-element corrosion in future assemblies.
2. NRX-~-EST

Significant progress was made in the Engine System Test Program, NRX-EST
(contractually known as NRX-AL-EST). The quarter was entered with
unresolved technical and programmatic alternabives which were dependent
upcn the performance of the NRX-A3 assembly. The generally excellent
condition of the NRX-A3 hardware and fuel elements led to the conclusion
that the NRX-AU=EST would indeed be run as planned, i.e., primarily as an
engine-system test, not devoted exclusively to reactor development test
objectives. To quote the SNPO-C letter of 8 June 1965, "-vee- the primary
objective {of NiI-AL-EST) should be achievement of system data under
transient conditions and over the entire power range, including full power,
with a secondary objective of demonstrating full-power reactor operation
up to 30 minutes".
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Work progressed on the NRX-AL-EST nuclear and non nuclear components; the
majority of the components of the propellant feed system were available or
delivered. The EST turbopump (S/N-015) demonstrated its qualifications
during tests completed on 6-24-65; nine starts were made, utilizing a
total of 22 minutes test time. The EST nozzle, available for delivery,
was held pending demonstration tests on a similar nozzle (S/N 021)
scheduled for early next quarter. The reactor components, except for
fuel clusters, were essentially ready for final assembly. Fuel-eliement
production for NRX-EST was dependent upon solving problems associated
with the coating improvements. It was planned that those NRX-AL fuel
elements, which would be in excess of reactor needs, wouid be used for

the XE-1 reactor.
3. NRX-AS

As a result of concentrated efforts involving REON-WANL, and SNPO-C,
plans for fuel-element process development were formulated for the
NRX~-A5 reactor. This reactor will have the primary objective of demon-

strating full-power operation in excess of 4O minutes.
L, NRX-A6

It was decided during the period to extend the date previously estab-
lished for the NRX-A6 reactor test to permit achievement of even

greater endurance capability: U0 to 60 minutes at NERVA I power. The
decision was also reached that the NRX-A6 reactor design features would
involve improvements compatible with the requirements of a larger
veactor. Schedules and program plans were generated in support of these

decisions.

5. CFDTS

An important engine system design poir* was demonstrated when the CFDIS
test series (conducted from 15 to 20 April) proved the feasibility of

boot-strapping the engine system with the energies stored in the engine
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under ambient conditions. The test program for the second test series

was discussed and approved by SNPO-C.

6. XE Engine

XE Engine work was largely in the design and system analysis category.
Reprogramming of the XE-1 test to 15 February 1967, was recommended, and
commensurate adjustments were made in the design, analysis, and fabrica-
tion activities. Complementary plans and efforts were made in the engine
design aids program, the MCC-EIV-Engine interface program, and related
GSE and engine components program. Engine cool-down studies related to
the ETS-1 Test Stand resulted in the elimination of the emergency cool-
down system, which had required an 8-in. line extermal to the engine upper
thrust structure, thus considerably simplifying completion of the facility

systems aspects of the cool-down requirements.

Work on advanced engines included the study of the conceptual design of
various thrust vector control mechanisms. This makes it possible to
initiate tradeoff investigations relating such featurec as clustering,

exhaust, circulation, and weight.

Controls analyses indicated that the XE-Engine control system, with gain
adjustments. would be satisfactory for the larger engine. A key investi-
gation was initiated to determine from analysis and test the optimum
hydrodynamic and cavitation performance of a single turbopump assembly

with minimum weight.

7. Support Systems and Programs

Support system work included such items as; completion of the Sacramento
test effort on the E-MAD, the overhead positioning systems, and the float-
ing head systems, and delivery of these items to NRDS; the delivery of the
OPS mast, trolley, and the inching and leveling frame, to NRDS; the com-
pletion of assembly and installation, and the initiation of acceptance
testing of the Floor Mounted Handling System.
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Support equipment for NRX-A4-EST was partially delivered, with the -

balance of equipment in good shape to meet the need dates.

Work was initiated on the support equipment design for XE-1. DPreliminary
details were ccmpleted at Sacramento on a combined development and test
program for the XE-MCC-EIV interface. In support of this, the simulated
ETS-1 Engine Stand was completed, and delivered to the Sacramento check-
out area.

Programmatic reviews in conjunction with the Contract Year '66 program
plan permitted economies in the support equipments required for individusl
engines and in the Post Operative Cell Material Transfer System (POCMTS)

design.

8. E-MAD

Work continued in outfitting and activating systems and equipments in the
Engine Maintenance Assembly and Disassembly (E-MAD) Building. The Wall
Mounted Handling System (WMHS), the Overhead Positioning System (0OPS),
And the Floor Mounted Handling System (¥MHS) were received and installed,
and acceptance tests were initiated on the WMHS and the FMHS. Shielding
integrity checks and test reports for Phase II and III were nearly

complete.

Initiation of Steam Generator tests represented a major accomplishment in

the FTS-1 Program Fxperimental Plan (EP's) I and II were conducted.

Pogt-test examinations revealed several anomalies in the condition of the
hardware, Evidence of hot-gas leakage at the injector-to-chamber seal

was noted on Steam Generator Unit 3 (injector S/N 0018). Examination of
the injector faces of S/N 0016 and S/N 0019 (a spare) disclosed cracks in
the injector face. The unexpected results triggered an extensive investi-

gation as to the cause and search for possible corrective actions.
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Other work in the activation and checkout of the ETS-1 Systems included
tes.3 on the gaseous and cryogenic systems, and process water systems
simulation tests. Extensive efforts were put forth to devise corrective
actions as required in areas of system or hardware delivery and/or quality

to minimize the effects of difficulties upon the activation schedule.

In tvhe design phase, the ETS-1 Interface system designs were completed,
and procurement was initiated. Work on the Test Stand Control Systenm
(TSCS) was highlighted by the completion of the final design review with
SNPO-C aud the initiation of the TSCS and XE-1 breadboards.

10. H-Area, Sacramento

This quarter was most significant for the NERVA Sacramento Test

Zone H, since it marked completion of the construction and activation of
this major test facility. This majcr complex comprises stands H-lL,
H-4A, H-4B, H-5, and H-6, and is capable of conducting such fundamental
development tests of engine hardware as chemical combustion tests;
liquid-hydrogen turbopump tests with heated hydrogen drive fluid; cold-
flow tests of an engine with non-fueled cores; and valve, line, and

component development tests.

Position H-5 was activated during the quarter concurrently with the first
CFDTS test series; position H-UA and the hot hydrogen heater concurrently
with the TPCV hot-gas tests. Test position H-6 first employed hot
hydrogen as a turbine drive fluid during March.

The duration of testing turbopump assemblies was limited by a downgrading
of the gaseous hydrogen high-pressure receivers to 3500-psi because of
problems possibly associated with operating at the planned 5000-psi
rating. It is planned to augment the GH, receivers by relocating 3 high-

2
pressure receivers to Test Zone H from Test Zone E.
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C. CONCLUSICNS

The NRX-A3 performance and hardware durability was considered excellent.
Date obtained indicate that the NERVA F.ogram must continue to devote
effort to improving the corrosion reslstance of the reactor to attain
the desired operating life objective of 40 to 60 minutes.

It was demonstrated, as a result of the CFDIS tests, that the engine
system can boot-strap with the energy stored in the engine at ambient

conditions.

Iv was concluded that reprogramming of the reactor and engine programs
was necessary to bring into balance priority development tasks, expected
facility availability, and certain funding ccnstraints. The recommended

actions are under consideration by SNPO-C.
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1.1 ENGINE SYSTEM
1.1.0 ENGINE SYSTEM INTEGRATION, DESIGN AND DOCUMENTATION

A. XE-1 ENGINE DESIGN

Fluid lines were rcdesigned to increase reliability by reducing the number
of joints and belliows. Modifications to the shield design to accommodate
the required larger penetratiocns and some relocations were about 50%

complete.

Design concepts for the pneumatic supply, engine eleciricai, and emer-
gency cool-down systems, and for brackets and support were revised to be
consistent with the 2limination of the remote component reassembly carp-
ability. Design studies and system anaiyses of the cooi-down requirements
were completed, and recommendstions were made that no further effort be

xpended on an emergency cool-down mcde requiring an 8-inch line exterm: .

It

to the engine upper thrust structure. Tnis mode provided for immediate
introduction of ambient helium irnto the dome of the pressure vessel on

receipt of a walfunction signai.

. DEAWINGS ASD DOTIENTATTION

I:d

TLayout drawings for the experimental Engine (XE~l) were revised ic reflect

-
BN

recent line size and location changes.

The ZE-EST-1 Intsrrace Control Drawing was upgraded and revised 10 reflect
latest engineering Gesign changes which incluced changes in iocatiocn for
the pueumatic and propellant iines, and the substitution of the flight

type TSOV as a valve at the fixed interface.

The preliminary design layout on the XE-1 was completea Iur ithc nuclear/
non-nuclear interface control drawings. Design reviews vere conducted

with WANL participation.
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Revisions to the XE-1 flow s:chematic were studied and will be included
in the revised Engine Design Specification to be issued as AGC 900LAA.

The basi¢ and assembly parts lists are being maintained current, and are

included in assembly and disassembly sequences.

The following NERVA Design Criteria were revised or prepared and issued

during this quarter:

NDC-107 Shield Assembly, External, NERVA XE-1 Engine
NDC-110 ILine Assembly, Pump Suction, for the XE-1 Engine
NDC-114  Harness, Electriecal, for the XE-1 Engine
NDC~115 Turbine Exhaust System for the XE-l Engine
NDC-116 Pressure Vessel Assembly for the XE-1 Engine
NDC-123 XE-1 Bugine Components, General Criteria for XE-1
Engine
C. XE-1 ENGINE ASSEMBELY/DISASSEMBLY AND CHECKOUT

The previously reported assembly and checkout procedures were revised to

reflezet current modifications to engine design concept.

The Preliminary Post-Operative Disassembly Sequence and a flow chart
were prepared, covering the step~by-step disassembly cperations from
removal of the engine from the test stand after firing to the point where

the engine was completely disassembled.

A preliminary rough detail checkout plan has been prepared and maintained.
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1.1.2 COLD FLOW DEVELOPMENT TEST SYSTEM ‘CFDTS:

The revised CFII'S Test Specification, REON Report RN-S-0iC1. was issueld

during the second quarter.

Test planning for the XECF program was continued. The first draft of

the Test Plan w'll be issued during the next gquarter.

The preliminary design freeze of the X-Engine has been delayed until
October 1965. XECF-1A activity is being conducted concurrently with the

X% design effort.

The CFDP3 Series T Data Summary Report, RN-TM-0196, was issued £ May 1965.

Copies of the data printout and CalComp plots were diztributed.

Favrication of all unique hardware was completed during the second
guarter. 1In addition, a new turbine exhaust manifold system was 95%

fabricated during the third quarter. This manifold is to mate with the

improved NRX/ESTdtype TPA to be supplied for use in the CFITS engine.

Following completion of the installation of the engine in the H-5 test
stand, the instrumentation installation, leakx checking, and the instru-
mentation and control systems checkouts on 1k April, the firs: series of
the CFDIS test program was conducted between 15 and 20 April. 7The szeries
was considered particularly successful since it proved the possibiliiy

of boot-strapping with energy stored in the engine at ambient coniitiors.

Six tests were performed, including wet and dry system chill-Jown tests
and four wet-pump boot-sirap start-ups of the system with propeliant
supply tank pressures of 90, 70, 60, and 50 psia. All tests were run at
approximately lh-psia back pressure in the nozzle and turbine ejectors,
and at turbine speeds during the boot-straps of 5932, 5260, 4L2i9. and
2190 rpm.

A photograph of the CFDIS after a test run is shown in Figure &. A

heavy coating of frost is clearly shown over the pressure wvessel.
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1.1.3 ENGINE EXTERNAL SHIELD DESIGN AND DEVELOPMENT

The layout of the shield revised to accommodate fluid line revisions was
continued during this report period. Detail and assembly drawings are

being revised.

Modifications were made to the shield design during this period to
facilitate assembly and disassembly procedures and to simplify fluid
line design. The primary change was the increase of the size of the

shieid penetration.
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1,1.4 TEST CELL A SYSTEMS TEST DESIGN AND DEVELOPMENT

A. NRX/EST DESIGN

Because of the changes to the engine system, resulting from the rede-
signed TPA, it was necessary to hold a second NRX/%ST design review on

14 June. Pinal redesign was completed during this report period.

Engineering liaison was conducted with WANL/ACFI this report period.
All changes have been brought to the attention of WANL/ACFI on a current
basis, and interfaces have been identified to reflect present NRX/EST

design configuration.
B. DRAWINGS AND DOCUMENTATION

The NRX/E?T Engine Assembly irawing was completed and released on

30 June. Thirteen sheets of the NRX/EST Engine Assembly Interface
Control drawing have been jointly approved for release by REON and WANIL,
and all NRX/EST detail component drawings were released during this

report period.
The NRX/EST Instrumentation Electrical Schematic Diagram was completed

and released on 17 May and Revision "A" was released on 25 June.

The NRX/EST Test Plan was completed and issued in January and the Test
Specification was approved and issued on 22 June., Both documents, and
1he NRX/EST Program Plan include provisions for converting from an NRX/EST

test to a reactor test.

NTO Procedure NRX/EST-P2, Non-Nuclear Hardware Recelving Inspection, was

~ approved on 22 June, and NRX/EST—P3, Engine System Assembly and Checkout

(Mechanical), was approved on 23 June.

The Test Specification and Procedures Review Board (TS and PRB) convened

at NRDS on 8 June and is actively in operation.

Nuclear heating rates and thermal calculations were completed on engine
components in the region of the redesigned WANL privy roof mounted shield
(PRMS), and were redone for the direct component shield for the redesigned
PRMS and its support.



RN-Q~0036
Section ITI

Item 1.1.h4
Para.
Page 25

REON Report RN-TM-0219, NRX/EST Redesigned Turbine Inlet Line, was

completed, including structural, nuclear, and thermal analiyses.

All major malfunctions identified in the Modes-of~Failure Analysis were

investigated by using the analog and digital analytical models.

The NRX/EST Shield Assembly - Radiation { REON 1013810~19E) was delivered
to NRDS on 1h June 1965 and filled with steel balls on 18 June 1965.
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1.1.5 ENGINE DESIGN AND ASSEMBLY AIDS

Drawings of the TSA/XE-l design-aid final assembly and all previously
unreleased details and the Upper Thrust Structure (UTS) design aid final

assembly were released in April 1965.

During the report period, changes have been made to the design reflecting
component test results and to facilitate fabrication. Fabrication and
assembly of the UTS portion of the UTS Design Aid was completed Cune 28.

Fabrication of the TSA Design Aid continued in th.s report period.
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1.1.7 ENGINE ADAPTER AND GAGES

The preliminary test plan was completed for the first phase of testing,
and will be finalized during the next report period. The design cri-

teria for the test stand adapter have been revised and reviewed.

Deslgn of the ETS~L Thrust Ring Engine Adapter Interface Template was
coordinated and completed.

A complete complement of present candidate electrical, fluid, and
structural remote connectors have been selected and incorporated into
the design aid assemblies. Procurement and fabricatlion of these con-
nectors was authorized on 2 April for the TSA design aid, and on

April 15 for the UIS design aid. Testing of the electrical connectors
was completed on June 30 and & final report is being prepared. Prepara-
tions for conducting the tests on the fluid and structural connectors
have been completed, and testing will be conducted during the next

report period.

Fabricatlon was completed for two each of the following watch-plates.

and delivery was completed in accordance with estimated schedules:

MDF 605472  TSA-UTS (two sets)
MDF 605475  UTS/External Shield/LTS
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1.2 PROPELLANT FEED SYSTEM (PFS)

A major effcrt during this period was directed toward the evaluation and

qualification of NRX/EST hardware. Significant accomplishments were:

Seals, couplings, and propellant inlet line hardware
required for NRX/EST were delivered

Of the 20 valves required for NRX/EST, 16 were

acceptance tested and delivered.

Development tests were conducted on TPA, S/N 0008,
accumulating 5 starts and 6 minutes at or near NRX/EST

meximum power conditionms.

Nine tests were successfully conducted with TPA

S/N 00lL, accumulating 29 minutes of hot-gas-drive
time, including 22 minutes at or near NRX/EST maximum
power conditions. Acceptable EST and work statement

TPA performance was demonstrated.
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1.2,1 LINES AND DISCONNECT"

Fabrication of the EST inlet line and associated spool pieces was completed,

and the units were delivered for use.

New turbine exhaust lines for NRX/EST were designed io be compatible with
the new turbine exhaust ccllector, and their fabrication was redirected to
also be compatible with the new collector. Completion of the new liues is
expected in July. Hydrotest tooling for the new turbine exhaust lines is

being fabricated.

All seals and couplings required for the NRX/EST Propellant Feed System
were delivered. Approximately 400 seals and 125 disconnects were procured
for the NRX/EST.
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1.2.2 VALVES

A. H-6 TURBOPUMP OVERSPEED TRIP (0ST) VALVE (EMERGENCY SHUT-OFF)

TPCV Assembly, S/N 0012, P/N 278100-59, was delivered to the H-6 Turbopump
Test Facility in March. This "On-0ff" valve served as a redundant emer-
gency shutoff of turbine drive gas and was powered by a preumatic piston-
type actuator. Actuation of the velve was accomplished by pilot valves
operating at 500-psig cf GNé pressure, through 3/bk-in. actuation ports

to the TPCV actuator. Elapsed time tq open or close this actuator and

valve combination under ambient conditions was 50 milliseczonds.

This TPCV successfully operated as an "On-Off" valve on Turbopump Test
Series 1.2-13-NNP, during which time the valve accumulated a total of 15.3
minutes of operating time, during 5 hot-gas-drive turbopump tests.
Operating conditions required a gas flow through the TPCV at a temperature
of 1100 to 1200°R, and a valve inlet pressure of approximately 500 psig.
The valve was programmed closed at the termination of each test runm.

Inlet pressure at the time of closure appréximated engine system operating

Pressure. Installation of the unit is shown by Figure 3.

Following this Test Series, these test effects were noted on the TPCV:

Evidence of loading without damage on the valve shaft

roller bearings.

Yielding of the valve disc-to-actuator shaft connecting
pin, which is attributed to off-design operating condi-
tion of this valve application (response time of

50 milliseconas resulté in excessive torsicnal.forces
when the valve disc is abruptly decelerated at the end

of the actuator piston stroke.

No other problems were noted on this valve. The unit was reassembled
using the same parts (except for & new connecting pin) and subjected to

10 additional minutes of heated H2 flow on turbopump ﬁcsts—l.2~15-NNP-OOi

AR
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and 002. Valve inlet conditions were approximately L0C-psig inlet pres-
sure at a gas temperature of approximately 120C°R. Following run 002,
it was noted that the connecting pin from valve disc to actuator had
again yielded. To prevent a turbopump test delay, the TPCV was replaced

with TFCV S/N 013 for Test Series 1.2-15-NNP-C03 through 009.

The total accumulated operating time with TPCV S/N 012 was 25.3 minutes
without any failures at design operating conditions. Valve S/N 013 has
been subjected to 17 minutes accumulated operating time, during which the
valve inlet conditions were approximately 420-psig irlet pressure and
1200°R inlet temperature. The valve has been cyclied ciosed seven times,

with the inlet prcssure near the design operating pressure.
B. H-6 TURBOPUMP TEST TURBINE POWER CONTROL VALVE (TPCV)

TPCV S/N 013 was assembled and mated to a servo controlled hydraulic
actuator, and used for turbine power control during curbopump operation.
It was used in'lieu of a facility pressure control valve used during the
previous turbopump tests, for turbopump tests 1.2-13-NNP-010, -Ol1, and
-012, (reported last quarter) and during tests 1.2~13-NNP-Cl3 through -016.

The TPCV operasted as a control-valve for a total accummlated duration of
7.9 minutes at nominal inlet conditions of 450-psia pressure and 1100°R
temperature. The valve functioned in asatisfactory manner; however,
gate travel to positions less than 10° from the fully depressed seal ring
position was not achieved. Full-pressure shut—-off was essentially

achieved at positions below 15° from full ring depression. .

Post-test disassembly revealed that the actuation and axle shaft roller
bearings failed during the test series. An invéstigation was conducted,
ard the failures were attributed to excessive flange loading beyond
-design limits. This loading was imposed in the valve body by thermal
expansion and Gistortion of the facility plumbing, dead~-weight flange
and line loads of the test set-up plumbing, and differential pressures.
The investigation is reported in REON Report RN-TM-0226.

o w - - -
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Subsequently, 4 valve tests (1.2-12-NHV-001 through CC%, simulating
NRX/EST engine plumbing with the TPCV as th: test specimen amd enothe.
TPCV as the bypass valve in the fi... 3 tests) did not produce bearing

failures.
C. DISCHARGE SHUT-OFF VALVE

Acceptance testing of the discharge shut~off valve {Rocketdyne ORV 86,
P/N 99-40538k, S/N 2527423) for NRX/EST was completed at both ambient and

cryogenic temperatures (see Figure k).

The valve body and actuator vwere proof tested at ambient temperature, and
leakage was measured with GNQ. Butterfly disc seal leakage was 16.6

scc/sec at a differential pressure of 30 psi, and the shaft seal leakage
vas 26,8 sce/sec with T80 psig in the valve, (both as compared with cri-

teria of 1k scefsec).
D. TISCHARGE CHECK VALVE (DCKV)

The Tlapp:r damper installed in the DCKV, P/N 28599k, S/N 003, (discussed
in tie previous quarteriy report) was modified to provide a positive

lock on tihie assembly. This was accomplished by match drilling the rod and
the screw with the screw properly adjusted, inserting an Inconel X pin
into the hole, and staking the hole. Ambient and cryogenic acceptance
testing of the DCKV for NRX/EST was completed. The valve was subjected to
proof and leak testing at ambient temperature. The valve showed no bubble
external léakage and an internal leak rate of “ess than 0.05 sce/sec using
1000~psig GHe at the discharge port. The valve was tested at LH2 temper-
ature to determine leakage rates and unseat and reseat pressures (1.0 psi
differentia¥), The external joint was bubble tight at 500 psi using GHé.
Internal leakage was 108 scc/sec of Hé with 1000 psig at the discharge
port (as compared to criteria of 25 sce/sec maximum leakage). The valve
operation requirements as related to the system were reviewed and it was

determined that the valve is acceptable for NRX/EST usage.

* unseating pressure
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Figure 4

Discharge Shut-off Valve
) Rocketdyne OBV 86
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E. PROPELLANT SHUT-OFF VALVE (PSOV)

NRX/EST acceptance tests were successfully conducted on the PIOV in
accordance with the test plan. All the acceptance cri.eria stated for

the tests were met.

F. TURBINE POWER CONTROL VALVE (TPCV)

Four hot hydrogen flow tests were conducted on one TPCV asszembly at
temperatures of approximately 1200°R. The test assemhly {P/N 1013762-9,
S/n M0) consisted of a valve, torque meter, and servo-controlled
hydraulle sctuator, as illustrated by the photograph of Figure 5. A
second TFCV powered by a Bendix Actuator (P/N 284840-%9) was used in the
teet program a5 a hol-gas bypass valve; a necessary requirement to provide
a3 method 4f disposing of the high-temperature supply gas when the te - .

specimen TPCV was closed.

TPCV st 1,22-L3-NNV-001 was completed on 28 April 1965. During the

tost dnvai fon of 270 seconds the TPCV was programmed to cycle open and
nlosed. Actuation Loigue valnes in excess of 800 in.-1b were encountered
when diffevenlial pressure across the butterfly exceeded 400 psi.
Attempts in fally close the vaive resulted in torque values greater than
1200 in.-ibh at valve bnlterfly dice positions of approiimately 18° from
the fully depressed nmeal position, (tae valve was fully depressed at 0°).
Tmmediately following the test (which included an inlet pressure of zero,
and # valve metal temperature at appreximately TOO°R) the TPCV S/N 0010
wvag programmed cloned, which again resulted in torque reguirements
greater than 1200 in,-lb at a butterfly disc position of approximately
11°,  Subsequent investigation revealed miner galling of the seal ring

o the surface adjacent to the disc grcove sidewall.

A third restraining pin wars incorporated into the disc and seal ring
assembly to further restrict seal rirg side motion when the disc is
rotating. Test 1.2-13-NNV-002 was conducted 10 May 126%, Test duration
was 543 seconds, during which time TPCV S/N 00LO was cycled {full open
to full closed). :
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Figure 5

TECY Hot-gas Test Assenmbly
Valve, Torque Meter, end Hydraulic Actuator
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Post~test inspection of this TPCV, again revealed excessive axial loading
of the disc seal rings, which caused galling. Valve build+up S/N 003
included seal rings with rounded edges amd witn M082 applied. MOS2 was

also applied to the disc groove and to the roller bearing elements.

The third test (1.2-13-NNV-003) of the TPCV development program was

completed on 3 June. Test duration was 350 seconds, during which time the
TPCV was cycled 10 times between disc positions of fully closed and fully
open. The required torque to close the valve was a maximum of Lo0 in.~1lb

at a disc position of 8°; the corresponding differential pressure was

(o
2

00 poi, and the valve inlet pressure, approximately 300 psig.

3

Test ™ 0L wag condncted b June for a duraticn of 387 seconds. The
TPy S/N 0010 was cycled once between fully open and fully closed; there-
after cycling was limited to disc positions of 60° to fully closed. A

tatal nf 15 cycles between 60° and 0° was accomplished.

Fabriantion of the ten TPCV's reported last quarter was completed, and
TPCV's S/N €012 and 0013 were reassembled to support TPA testing.

G. DILUENT CONTROL VALVE (DCV)

A liguid bydrogen Tlow and functional test (1.2—12—NNV-011) Wwas success-—
f1lly condacted with n TPCV used as e Diluent Control Valve. An obsclete
"B" merica Rendix Actuator was used to position the valve during this test.
An ambient pretect actuator control asystem functional check was conducted
with ne flow or pressurc. The bulterfly disc was rotated from 30 to 55°
for 21 oseillations (20° to 55° = 1 oscillation, 0° = closed). Test
conditions. approximating engine conditions, were 650-psig valve inlet
pressure wi _, approximately 2.5 1b./sec of 35°R hydrogen flow. The value
butterfly disc vas positioned at 10, 20, 25, 30, 40, 50 and 60 degrees, and
the pressure drop across the valve disc measured at each increment to

obtain data of flow factor as & function of disc position.

The valve disc was subjected to 10 oscillations (30° through 55° =
1 oscillation) simulating NRX/EST functional performance. The test was
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.oncluded after 15 cycles (valve disc closed-to-open = i cy<ie. "o

. ~abli=t. open-close capability in LH2 at €50-psig inlet press.re.

Tost-test disassembly revealed the valve components .o be in excel Lext
coudition.

<tuis test, the DCV LN2
reported in KEON Reports RN-TM-0210, 0137, and 0141, respectivaly;
eomplete the development tests and analyses required to qualify the
salve for DUV service with the NRX/EST.

functional test, and the DCV design report,

“he DCV for NRX/EST was assembled, and ambient acceptance tests were

zompleted.

Note - Items H, J, XK, L, M, N, P, foliowing are added scope for KRX/ESI.

H. TURBINE BLOCK VALVE

Acceptance tests on a TPCV to be used as the NRX/EST Turbine Blcck Valve
.IBV) were completed on 22 June. Included in the acceptance testing was
proof, leak, and functional testing under ambient conditions. Subsequently,
a heated hydrogen flow test of the valve was conducted at 1100°R, irn which
the valve was cycled open and closed three times. 1Inlet pressure to the
valve was maintained at 525 psig. The "fail open" feature of the valve
design was demonstrated by venting the actuation line with the valwve

initially open.
Jd, HOT BLEED VENT VALVE

A TPCV to be used as the NRX/EST Hot Bleed Vent Valve was
wibjected to proof, leak, and functional tests with successful resulits.
Firali acceptance of the valve is pending the heated hydrogen fiow test.

wrich will be conducted in conjunction with the TPV acceptance test.
K.  SOLENOID VALVES

A test plan was completed for a Marrota 3-way soiencid valva
3ui the Barksdale b-way solenoid valve. These valves are utilized (u the

FoR (ORV-86) redundant actuation system and the TEV and HFUV. The
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Marotta 3-way solenoid valves and the Barksdale U-way solenoid valve were
suzcessfully acceptance tested. Testing included proof, leak, functional,

and dielectric strength testing.
L. VENT VALVE (VV)

Development tests were completed on the Flomatics 2-in. vent valve.
Acceptance tests of the 2, 2-in. vent valves for NRX/EST were success-

fully completed in accordance with the test plan.
M. PURGE VALVE (PV)

The specification control drawing for the l-in. purge valve was completed
and released; the valve is supplied by Flomatics Inc., and is of the

Y-globe configuration. Development tests were completed.

Disassembly and inspection of the valve after development testing
revealed a loose seal retainer plate cap screw which holds the main
poppet seal in place. The cause of the loose cap screw was found to be
an improperly installed locking Helicoil which was not engaging the cap
screw. A new locking Helicoil was inserted into the poppet, and a new
cap screw engaged and checked for tightness. This same corrective action
was then applied to the 2-in. vent valves which are similar in design to

the 1l-in. purge valve.

Acceptance tesgts of the 1" PV-1 for NRX/EST were completed, and met the

acceptance criteria of the test plan.
N. CRYOGENIC TEMPERATURE PURGE CHECK VALVE

Develcpment tests were completed on the Circle Seal 3/8" Check Valve.
Acceptance tests of the two cryogenic check valves were completed.
Excessive internal leakage rate of one valve during test 5 was attributed
to the valve not be..g in the check position when chilled to LH2 tempera -~
ture, as it would be in the EST engine system. The other valve, was
chilled in the check position and indicated no leakage for this test.
These valves will be acceptable for NRX/EST usage. An additional 7-3/8"



RN-Q-CG36
Section TIiT

Item L.z.2
Para. N, P
Page Lo

cryogenic check valves were procured from Circle Seal Inc., for use as

spares for NRX/EST, and for future uses on the XE Engine.
P. ELEVATED TEMPERATURE PURGE CHECK VALVE

The fabrication drawings and top assembly (REON P/N 1114730) were
completed, and the valve was fabricated and successfully acceptance tested
for NRX/EST. Initial developmont testing of this 3/8" check valve was
conducted with a prototype unit utilizing a Type 347 stainless steel body

and piston.

Ambient temperature tests prodiigﬂ'good results, but hot-gas tests with

800°F gas flowing through the ;falve (a much more severe condition than

the valve will experience service) produced occasional sticking between

the piston and bedy. The clearance between the piston and body was

increased from .002 t& .005 by reducing the diameter of the piston. No
/

sticking of the pi{ton was experienced in further ambient or hot gas

testing.

The piston material was upgraded from Type 347 to Inconel X for the
NRY/EST Valves (P/N 1114730-10). No problems were experienced with the
Type 347 pistons, but the harder msterial will produce longer cycling

life and be more resistant to abrasion from dirt particles.

Acceptance tests of the 2 valves to be used in NRX/EST were successfully

completed.
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1.2.3 TURBOPUMP ASSEMBLY (TPA)

A.  GENERAL

The testing of turbopump S/N 008 was continued. The assembly of S/N o1k
turbopunp was completed and testing was initiated. Mark III Mod 4 pump
water test documentation of performance was continued. Numerous math<rials

tests were performed.

B. S/N 008

- Turbopump s/N 008 coumpleted 5 hot-gas starts and approximately 6-1/2

minutes of operation at or near NRX/EST conditions.

Diring this report period Tests 1.2-13-NNP-O1%, -015, and -0l6 werc
initiated on TPA S/N 008, P/N 287900-219, to evaluate turbopump performance
at or near NRX/EST conditions and to further evaluate endurance. Test -015
was the fifth and last hot-gas test on this TPA, while Test 016 was a

GH, test lor performance documentation for cold and hot gas comparison.

Post-test hardware investigation of this turbopump revealed that the
A-286 first-stage turbine rotor had a circumferential crack approximately

3/R-in. long in the disc portion near the rotor hub fillet.

The required turbine inlet pressure to drive Turbopump S/N 008 wvas con-
siderably below that to be available in the NRX/EST. For a pump AP of 951

psi and a pump weight flow of 77 lb/sec, the required PTTI was 550 psia.

C. S/N o1k

Turbopump S/N o1k, P/N TO85U0-59, was assembled. This turbopump completed
Y hot-gas starts and 29 minutes of hot-gas drive operation, of which 22

minutes were at or near NLX/EST conditions.

This turbopump was initially tested on 30 April. Post-test performance
analysis revealed that performance was significantly improved over the
S/N 008 turbopump.
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Performancs improvement resuited from:

Increas=d turbine inlet-manifold inlet area.
Decreased bearing-coolant lcoyrinth gap.
Decreased impeller-anrgle vane clearance.

Reduced flow discontinuities in first-stage turbine
rozzle.

ol

Sealed instrumentation holes in turbine housing.
Reduced seccnd-stage nozzle labyrinth clearance.
Increased area turbine exhaust manifold (not used

initially; but used during latest tests).

The turbopump met all reqﬁirements for the NRX/EST vehicie. A summary of
Turbopump testing conducted in this period is reported in Table 1.

D. STATIC SEAL LEAKAGE

Turbopunp external stafic seal evaluation continued. Closé attention was
paid to strtic seal performance during, as well as gfter turbopump tests.
After Test -0lh, fire-leak check did not indicate any leskage; however,
mction pictures recorded during the test indicatéd tnat & substantial

leak oécu;red betweqﬁ the pump support fiange and the pump housing:

Foliowing t 1s test, {run without repairs) TPA S/N 008 vas &_.sassembled
for Larisare evaluation. All parts were in good condltlon except for the

creck sound in the first stage turbine disc.

Test -015 woo condﬁcteﬁ without repairs. As with Test -Olk, leakage was
evident on film, but the post-fire leak check revealed no leakage. '

After the bolt tcrgques of the flaﬁges on both sides of the pump housing
were increased to 300 in-lb, leskage was not ev1dent durlng the- 29 mlnutes

of hot-gas-drive tes*lng the S/H Olh turbopump..
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Above At or Max ;’hx Mex  Mex W Fange Renge ;iax ,?“
Cold Bot 15,000 Near EST Speed TP AP Pump of Q'N of NPSP TH T
Test Run Tate »/ s/t Cos (1) Ses  1m Cond. ‘3) ir_p:l ipe'ad  (psf) (1r'sec) (g.rirev) {vst} {3sia) L’_‘l;)_
1.2-13-XMP-02% k065 18% 183 [ 22,706 :01. 964 L. L8~ 18-22 L7z 122!
1.2-13-NMP-015 §-05-65 p~287900-219 008 BY h{ 2% 153 138 22,200 907 A1 ~6.9 .36~ 7T 19-29 550 123
1.2-13-MKP-016 4-06-65 [ 94 [ 22,000 s 9oL 6.2 Y. ) 18-21 554 622
1.2-15-MP-00L 4-30-65 { 0 280 215 285 22,00 997 949 0.6 .23 225 383 1192
708800-49 .
1.2-15-MNP-002 5-01-65 O BU 1 0 269 200 247 22,100 995 952 &.6 .36 22-26 w51 12:8
L2-15-0P-003  6-11-65 ] o a5 2k 13 2o 0 965 s .3 67 w3 1m
1.2-15-¥HP-004 6-11-65 [} 32k 130 187 22,200 999 98 8.6 L3536 1517 L2k 277
1.2-15-101P-005 6-17-65 0 82 29 k) 22,000 962 929 76.8 .36 1718 435 1132
1.2~15-¥NP-005 6-17-65 { 708800-59  O1b BU 2 [+] 7 118 102 21,900 961 23 5.0 .35 1F-16 Wk o
1.2-15 48P-007 6-18-65 [} 172 139 122 21,300 961 928 75.6 .36 1516 ans 1237
1.2-15-KNP-008 6-21-65 0 3 L3 Y 22,700 998 972 75.¢ .35 7-~8 ~3C 337
2-15-XAP-00 5-22-55 | L 0 186 177 152 22,950 107~ 621 6.2 L3 8-3 ~57 1233
Tatai Fan Times 0 S/0 ooa(” B ne 20 138
PR 3/K O1b o ImE 1253 1320
71} % techedteg time on the diluect sistem. - - EST Conditions:
{:3 Mo ccmditions ave EST conditions less iC” on any one parameter. : ‘i.i; = 77 1b/sec AP Purp 880 psia
(3) Toes not iclude test time prior tu test 1.2-13.5NP-Ol1k. *R FEP = '-0003hsed oa P and

f = L.k 1o/

Tpe = 1180 + S0°R

- ' ; ' Table 1 -

. ) Turbopump Test History : -
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E. TURBINE DISC CRACK

Turbopump S/N 014 accumulated 29 minutes of hot-gas drive time of which
22 minutes were at and above maximum power Ior (NRX/EST) but the post-
test disassembly and hardware investigation of Turbopump S/N 008 showed
that its first-stage A-286 rotor, (S/N 274) had a crack approximately
3/8-in. long in the disc near the hub fillet. The required turbine
drive pressure was higher in Turbopump S/N 008, and, conversely, the
cirsumferential pressure distribution was improved around the S/N Oih

turbine inlet manifold.
Analysis of the cracked rotor was made in this manner:

Visual metallographic inspection and
- photographic documentation of crack and

adjacent areas.

Review of Procurement and Quality Control

documentation.

Measurement of applicable dimensional

attributes.

Hardpness measurements to confirm heat

treatment.

Visual inspection of the part revealed & scratch which was coincident
with a portion of-the crack. The scratch was similar in appearance

and o-~ientation, but, more sovere than other polishing scratches in the
fillet region, both near and removed from the crack. The surface length
of the crack was about 0.37-in.-long, and its central portion was
located &t the base of the uggtréam fillet and offset from one of the
rotor mounting hole locations. The metallographic photograph, Figure

6, illustrates transgranuler appearance of this crack.

T
.

]
L4

A e
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- Figure 6

) - " Turbine Disc Crack, Roto: S/N é?h
g _ Intergranular Nature at 100X
s . Btckants: HCL, HNO3 and A.etic

4
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Metallographic examination showed transgranuiar propagation of the crack.
The crack was broken open to enable examination cf the fracture surface,
wnich was semi-elliptical and generally flat, indicative of propagation

in fatigue. The frachure surface was clean with no scale or discoloration
from prior processing. Crack depth was 0.160 inch. Electron micrograph
replicas were made from the central portion of crack surface.{See Fig. 1) A
rippled texture was revealed by this technique, characteristic of fracture
propagation under cyclic loading. The combination of the electron
metallography, crack surface appearance, and cotor surface condition led

to these conclusions:

The crack was nucleated by a combinstion
of unfavorable surface conditions

including scratches.
The crack was propagated in fatigue.

Material physical properties and turbine operating conditions were utilized
in structurai analyses of the turbine disc operation. A program was
initiated to evaluate the turbine rotor non-destructive inspection

techniques and procedures including:

visual,

ultrasonic inspection (using a

turbine rotor as reference),
" dye penetrant (Zyglo process),

residual stress check (X-ray
defraction method),

Eddy current which may be o
particularly suitable for graiu.

size checks,
ac’d etch hub area for grain size.

A gechnical report was initiasted to incluae tune resulis of all turbine

disc analyses and investigations.

- - o | *ow Ll



Characteristic fatigue striations are

spaced at approximately 36 microinches

between major peaks.

- Figure T

Tuvbine Disc Crack, Rotor S/N 27k
A-286 Alloy, Electron Fractogreph at 12,850 X
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nad been predicted. Turbovuri S/ 01k was assembled (BS 1) as 2/E 7I3300-Lg,

wolokh inecluded these feaitures for performance improverent:
inzrease oF Surbine iniet manifold inlet :srez

Decrease of '!’.TJ iler angle vang clearance

from .0375 to .CZT5.

Reduced flow discontinuvities in first-stage
nozzle.
Add shim seal to first stage nozzle 0

preveni leakage around outer peripher

§<l

Imrroved pump diffuser vane entrarcze finish.

Sealed instrumeniation holes in second shage

turbine nozzle housing.

A Turtpine exhaust collector with increased flow area was incstuiled
fo» test 1.2-15-1WP-C02. TPA S/N 21k, BU 2 (PN 708800-59) is shown
w.v:. the new exhaust collector in Figure. 8. Corresponding toc a

ump pressure rise of 100G psi, a pump flow rate of 75 lb/sec, an
xP8E of 10 psi, and a turbine inlet total temperature of 120C°R, the

reguired turbine inlet pressure of this turvopump was 436 psi.

Turbine efficiency test results are shown in Figure (9). The latest
revised predicted mur was constructed frum water test data¥. Test
data from test series 1.2-15-KNP-001 through -007 on TPA S/N 01k are
plot.ed on the map, and it can be seen that these data zgree well

with the predictions. It should be noted that the pump performamnce

¥ and is vresented in Figure 19
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map was constructed for an NPSP of 20 psia, while the data plotted onto
the map are for other NPSP values. Some deviation may therefore be

expected between the data and tl.e map.

Pump efficiency and pump head rise are plotted as functions of the flow
rate to speed ratio (Q/N) in Figure (11). These data were obtained from
the same test series and the same TPA as for the performance map, except
that the curves shown as solid lines were obtained from water testing.
On Runs -~003 through -007, the head rise parameter (—552—) for the TPA
tests is somewhat lower than in the water test curves.N This lower head
rise is considered the result of a lower NPSH in Runs ~003 through -007
than in Runs -001 and -002. It should also be noted that data for Run

-002 may be in error due to faulty instrumentation on the discharge

pressure measurement.
Wil Ty
The turbine flow parameter, ( P }, was measured during turbopump

Ti
QV‘%‘

tests to be 0.54 to 0.56 ( —T—

and nozzle air tests. The turbine weight flow measurement orifice size

), which was in agreement with manifold

was corrected for test -003. The previous orifice was too large for

accurate fiow data.

Test 1.2-15-NNP-009 was run to demonstrate work statement conditions,
and proved satisfactory in all respects. A maximum AP of 1021 psi was
attajned at a P@Ti max of 437 psi, an NPSP ~ g psi, a TTTi max of 1233°R,
and ﬁp of 7% 1b/sec; had an NPSP of 10 psi and TTTi of 1200°R been attained
at exectly the same point in time, the analysis indicates that a PTTi of
436, rather than 440 psia, would have been required.

G. TURBINE-MANTIFOLD AND FIRST~STAGE NOZZLE COLD-FLOW YESTS

A series of air flow tests (with 8 setups) were conducted to ewvaluate the
performance of different turbine inlet manifold-first stage nozzle
configurations, and a report was prepared on the results. These tests
weue based on the configuration established and used in the S/N 01k

development turbopump, and in NRX/EST turbopump S/N 015.

(Text continued on page 54)
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1 I
-~ N N
N p "t
NpHZO

NoH,0 FROM CURVE 1.2.3-65-6-191

. -3
’PL A Ny Ny W, AH x 1.285(107)

W, Cp Toqy [1- ( Pl'ti') V_;i]

0.02 0.04 0.06

0.08 0.1¢ 0.12 0.14 0.16 0.18 0.20
BLADE - JET SPEED RATIO, U

Co
LEGEND
SYMBOL TEST KO. N NPSP COMMENT
o 1.2-15-NNP-001 0.375 24,7
A 002 0.377 26.2
o] 003 1.357 17.2 NEW EXHAUST
v 004 0.357 15.4 COLLECTOR &
> 005 0.356 15.0 NEW ORIFICE
4 006 0.350 15.1
& 007 0.358 16.4
Figure 9

Merk IIT Mod 4 Turbine

Revised Static Efficiency vs. Blade-Ji\ t Speed Ratio

TTTI = 1130 - 1230°R
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UNQEFINED
REGION

"4
e,
rd

22,000

75/20,000 RPM

e

4 y 4 &
- >"18,000
DATA BASED ON CURWE:
16,000 . 1.2.3-65-G-191 ___
=% = 14,000 RPN *43518,
1
40 60 8o 100 120 140 160
WEIGHT FLOW RaTE, W, L8
SEC
LEGEND:
SYMBOL  TESTNO. SPEED an wsp
v 1.2-15-NNP-001 21,8 233 24.08
o 1,2-15-NNP-002 2%.9% 291 2’00
o 1,2-15-NNP-003 22,3 358 17.03
-] 15.9K 349 28.93
o 1.2-15-NNP-004 22.0K 356 15.29
s 15.0¢ 362 32.89
A 1.2-15-NMP~005 22.0K 387 4.1
¢ 1.2-15-%NP-008 21,8 3851 1449
° 1.2-15-%NP-007 213K .28 16.12
'G
Figure 10

Mark TII Mod 4 Turbopump
Revised I.H2 Pumping Perfcrmancs
NPSP = 20 psi
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6.8
I
1
: 20 GPM
§ 6.4 1 e BASFD ON Hab DATAUL2.3-C-¢5-291) g0, FE M
- | - —_—] B -6 T [t
c3 Sy ~. Hsv = 2.0(10 6)-—-2
£35 | e ™ [ a2 s RPM
e - S N H
28 6.0 T \ \ N -
ut ! i ‘\ -6, FT
Hsv = 1.7(107% ET
na P \ rr | RPM2
5.6 bMOTE: ALL CAVITATING PERFORMANCE Hev = 6.2 (10°8) FT \ I {
. FT . . L \ -6 1
fisw | 2.0010°6.E 2] 1S ESTIMATED e wow2 | Hsv = 0502070
~Z RPM 2 |
H 1
i i :':.=='~'-7:?~JL\’ BASED ON 1,0 DATA
—— T ~ \ \\b\<u.2.3-6z-c-xe 1) 5C GPM BACK VA!
o - t ) ! -
S e I 4 Ry m2000 et
'I —r k | N W RPMZ
1
¢ } Hv=0. 20108 £y s =0.cac | !
3 g2 N v = 1,0 0079 F1
NEW EXHATST N2 rRPM2
° y COLLECTOR &
/ NEW ORIFICE
g |
)
0.08 0.16 0.24 9.32 0.40 0.48 .76 0.6
FLOWPARAMETER, &  SEM
N RPM
LEGEND .
COMMENT L2 SYMBOL TESTNO. TEST FLUID ~
N \
1.71x1076 o 1.2-15-NNP-001 tH,
1.79x1076 d 1.2-15-NNP-002 LH,
-6 1
1.13x10 ® 1.2-15-NNP-003 LH,
1.05x10°6 v 1.2-15-NNP-004 LH,
1.04x10°6 < 1.2-15-NNP-006 LHy
1.13x1078 ° 1.2-15-NNP-067 LH,
Flgure 11
Mark III Mod 4 Turbopump .

Iﬁé Punping Perforumnce
Head Rise and Efficlency vs. Flow Parameters
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Three nou-anodized control specimens were tested to determine effects,
if any, of the anodizing process. Results indicate that a loss in
endurence of one order of magnitude occurs at a stress level of 20

ksi.

Fump housing casting, S/N 112, was 'rejected during normal inspection
because of a large gas pocket in the volute section. Room temprerature
and cryogenic tensile tests of the volute section were performed to
evaluate the casting technique and the conformance cof the part to
Aerojet mechanical property requirements. Room temperature and cryo-
genic properties of the voluce were reported in the previous Quart.éi'ly
Prcgress Letter. In"sumga.ry, a mechanical property gradient was noted
vhich was characterized by good properties in the drag area, and poor
properties at the parting line and in the cope area. These data are
sumarized in Teble 2, shd illustrated in the photos of Figure 12.

Additional testing was subsequently performed to-determine the mechan-
ical property variation in the heavy section of the housing inboard
of the volute section. ‘I'a.ngenti_al tenéile and fatigue specimens were

. removed and tested at room temperature; results indicated that the

teﬁsile data from the heavy section of the casting simulated the sf’rength
gradient in the volute section. As expected, rotating beam fatigue
results indicated better fatigue resistance of specimens cut from the
drag poftion of the’ casting, -reflecting the effect of macro-porosity or
fatigue life. An apparent allowable of 20,000 psi of complete stress

reversal was determined for endurance to 1000,000 cycies.

Comparisons were made of the properties of turbine rotor materials,

D-979 and A-286, to illustrate the trade-off of strength for ductility.
_ Teble 3, which compasres room temperature and cryogenic data, demon-

strates the striking ductility improvement obtained with A-286 at & 15%
{Text continued on ;page 58)



A356-F6 ALUMINUM PUMP HOUSING S/N 112

TABLE 2

CONDENSED TENSILE PROPERTIES
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Temp. ) .
°F - ¥rU (ksi) FIY (ksi) % EL, D -
Cope RT. 35.0 27.8 3.5
o3y 15.0 h2.5 2.0
Parting Liﬁe - RI. 33.0 23.74 : 3.9
-h23°F 39.k - 2.0
Drag RT. 38.0 28.0 7.0
-423°p 49.0 - 37.5 3.1
Required by RT. 35.0 25.0 6.0
Dwg. 1013496 -h23°p - - -
TAELE 3 -
COMPARISON OF ALLOY TENSILE PROPERTIES
A-286 AND D-279 ALLOYS -
Temp - Elong . BRA
o FTU FTY % in 4D %
A-286 RT. 155 116 22 33.5
A-286 -h23 219 19 - 29 27
D-979  RT. 193 138 12.5 15
D9T9 . ke3 25 115 5.7 8
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Coarse Grain size - Fine grain size

indicative of low _ indicative of

‘ductility higher ductility
Cope Section Drag Section

Aluminum Alloy A356-T6 Sand Cast

Fiéure 12
Mark III Mod 4 TPA

Pump Housing S/N 112
Granular structure of Volute g#§300X
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room temperature yield strength sacrifice; however, no improvement at
‘2‘23 °F .

The foliowing conclusions were drawn:
The D-979 rotor material was anisotropic.

The D-979 rotor material exhibited strain-
rete sensitivity at -423°F by a significant
decrease in elongation observed at the high
strain rate.

Anisotropy was exhibited in the A-286 material by the higher ductility
values and lower standard deviation for tangential specimens.

Material from the same two turbine rotors was ased tc compare notch
toughness. Table 4 shows the toughness advantage of A-286 and the

dependence 61’ D-979 toughness on tempera_ture... The following conclusions
ware drawn:

The A-286 material toughness exceeded the D-979
material toughness by a factor of 4.3 at -220°F.

The D~979 toughness at- 4OO°F exceeded vhe tough-
ness at -320°F by 84%. . ;

No significant toughness directionality was noted
in either material.

TABLE 4
COMPARISON OF . .LOY NOTCH TOUGHNESS

Pre-Crack Chdrpy Impact Tests

Alloy " . Test Temp W/A
A-286 © -320°F 3500 in-1b/in°
T +hoo°F 3500 in-lb/in®
D~979 -320°F 550 in-1b/in°
' +400°F 1100 in-1b/in?

W/A = Index of impact resistance/uncracked specimen area.
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1.2.4 TPA BEARING DEVELOPMENT

Bearing tests were conducted to investigate the effect of cooclant flow on
pearing life. In order to adequately demonstrate this effect it was
decided that a severe load conaition would have to be applied to tke
thrust set. Accordingly, a load vondition of 3000 1b on a half thrust
set (5000-1b equivalent on a 60/40 load-sharing full éét).ﬁas chosen as
the test load for these tests. The tests were performed with the TPA
first candidate roliei bearings and the first candidate and alternate
thrust sets.

. A,  INITIAL TEST-24;000 RPM, P/N 290122-19

An initial test with a TPA alternmate half th;ust'set (P/N 290122-19)

was conducted to demoﬁstrate the effect of coolant ficw_on preventiné
bearing failnre' The results of thls 24 ,000~rpm test are shown in
Figure 13. The initial coolant flow was 55 gpm (0.48 1v/sec); which was
lowered to0.50 gpm after about 25 minutes duratlon The torgque required
to turn—the shaft as indicated by the mcior current began to rise expo-
nentially and it appeared that a failure was imminent at 5 mlnutes._ At
this point the coolant flow rate was raised to 70 gpm (0.61 1b/sec) and
the current dropped indicating a beneficial effect. Failure was similarly
averted at 70 and 105 minutes by increasing the coolant flow each time.
However, drive motor current dropped only a little below the maximum _
value gttained up to that time. Evidently increasing the coolant flow
prevented additional bearing damage; bubt, of course, did not repair
existing damsge. -

At. 122 minutes of operaﬁidh at speed and load, the bearing failed
catastrophically. The outer raceway shattered in several pieces and the
inner raceway showed sevére peening of the edge of the, shoulder. The
balls looked surprisingly good, but the retainer was completely destroyed.
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T
DATA 15 TAKEN FROM TESTS
12-09-NIW-0

1% THROUGH 021

EACK NYag‘ﬂYﬁlM'
R‘l’th‘ ALL SPIKES
TRANSIENTS HAVE SEEN NEGLECTED.

TPA Bearing Tests

Alternate Half Thrust Set P/N 290122-19

at 24000 RPM

AXIAL LOAD 300018
RADIAL LOAD 600LB
COOLANT PRESSURE 200 PSI
—+ ¥
© FMFS  COOLANT FLOWRATE I GALLONS/MINYTE
8 i MOTOR CURRENT I AMPERES .
— et A& N SHAFT ROTATIONAL SPEED IN REVOLUTIONS/MINUTE X 10’
[ -
° 25 50 ) 100 125 150
TIME N MINUTES
Figure 13
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B, SECOND TEST-28,000 RPM, P/N 290156-169

A test (the first under these conditions) was run at 28,000 rpm with
3000-1b axial load and 500 1b radial loed using P/N 290156-169 roller
bearing end P/N 290125-29 thrust set (TPA alternate). The test was
terminated after Ll minutes at load and speed because the 100-amp shut-
down limit was exceeded by the motor current. Post-test inspection did
not, disclose any gross bearing damage. The thrust set showed little
wear of the retainer. Three rollers on each of the roller bearings
showed heavy end wear, the rest showed light end wear. -Bearing failure
did not appear to be imminent. The 100-amp limit on motor current was
2stablished for a 24,000-rpm test. Experience has been that some bearing
‘damage has occurred whenever the motor current exceeds 100 amp a’ ,000
rpm. This limit was carried over into the 28,000-rpm testing. Uw..cr

equal conditions, hlgner motor currrent is required to drive the bearing
. tester.at 28,000 rpm than at 24,000 rpm (38 and 49 amp, respectively).
Apparently the increased torque caused by frlction from the six skewing
:rollpro, combined with increased torque due to the high load and high .
speed, increesed the required motor current to above 100 amp without the
expected besring damage.

C. TESTS-CANDIDATE BEARINGS

The first of three. tests to investigate the effect of coolant flow with

the TPA candidate bearings was completed. A half thrust set (P/N 240173-9)
and roller bearings (P/N 290156-169) were operated at 2L4,000-rpm and
3,000-1b axial, and 500-1b radial losds, and at a flow rate of 0.2 lb/sec,
which was about 22% of current TPA coolant flow. This first test falled
after 7 minutes at rated conditions and results are plotted in Figure 1k .
The time scale has been expanded for clarity. Failure due to e continuous
~and rapid bearing temperature rise occurred at a relatively low friction‘fg N
tofquz, as indicated by a motor drive current of only 150 amp at failure.'- ?
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100
90
80
DATA 1S FROM TEST 1.2-09-NNW-022 AXIAL LOAD 3000 LB
RADIAL LOAD 2000 LB
7 EACH ILLUSTRATED POWT 15 A THRTY- CGOLANT PRESSURE 200 PSI
u“gumnstsz‘ E:w”z BEEN NEGLECTED.
. l
% © FMPS  COOLANY FLOWRATE IN GALLONS/MINUTE
8 iy MOYOR CURRENT IN AMPERES / EALURE
o N SHAFY ROTATIONAL SPEED 1 p
0 REVOLUTIONS/MINGTE X 10° > :

10 12

Figure 14

] TPA Candidate Bearing Tests
Helf Thrust Set and Roller Bearings

with Coolant Flow at 24000 RPM
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Generally, failure occurs by an increase in motor current to a kill _
parameter of 100 amp. In “his test overheating of the heavi}y loaded half
thrust set resulted in the shutdown without the usual sharp sudden rise

in frietion torque.

Inspection of the retainer showed that it had undergone permanent dimen-
sional changes because of centrifugal and ball forces during overheating.
The retainer material of this bearing is an FEP (fluoro-ethylene-propylene)
Teflon instead of TFE (poly-tetra-fluoro-ethylene) Teflon, as used in the
alternate bearing (P/N 290125-29). The FEP Teflon has a softening point
‘about 100°F lower than TFE Teflon, and is thereifore more sensit;ve'to an

overheating condition.

Because of geometric considerations (16 7/16 in. balls, 29° contact angle,
double gothic close curvature raceway of 52%), the béavily loaded half
thrust set containing the FEP retainer generated sufficient frictional :
heat at the low coolant flow to cause the FEP retaiﬁer to fail long o
before damage of the metal surfaces was obtained. " In contrast, the
290122-19 or 290125-29 half thrust set (TPA altermate) at the same-
conditions wa.s able to overate For 42 minutes before raceway and roiling
elements sheﬁed overheating and incipilent damage resulted, (a& reported
in the previous Progress Letfer). In this test thefe was no.v;sible-
demsge to the TVE retainer. The two latter TPA alternate bearings are
nearly identical and -ontain 12 i/z in. balls, at 24° contact angle,
with curvature of 51% in the outer raceway, 54% in the inner raceway.
This geometric configuration éppears to generate less heat and thus

cen survive longer at lower coolant flow. - | '

o
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operation at approximately 100% design point for 2.3 mimutes. At that
time a reactor scram from full-power, induced by a turbopump overspeéd
signal, resulted in the'termination of the test; A compiete detailed
review followed, concerning possible effects on both nuclear and non-
muclear components, which led to tne decision to restart the test
assembly at the 100%-design condition. This was done in EP-5, at approx-
imately 100% power for 13 mimutes. The final exveriment (EP-6), on '
?8 May 1965, was a control and medium powor mapping test up to 400 mw, and
ended the NRX~-A3 vest series.

D, NRX-A3 DISASSEMBLY AND POST-MORTEM EVALUATION

Disassembly and Pogt Mortem evaluation of the NRX-A3 components was
initiated on 2 June 1965, and was not complete at jhe-end of this report
period. However, 1nitial evaluation indicat ed'théﬁ, generaliy, the
components appesr to be in excellent condition., Some corrosion and

undercutting of the fuel elements was noted at the hot end of the

" elements, but the_pheripheral cqrrosion that occurred during NRX-A2

was not present to the same degree. The condition of the non-nuclear

'components was excellent. At the present time, no significant problems

are antxcipated in the utilization of components of these types for
future testing. .

E. ENGINE/RuACWOR SYSTEM INTEGRATION

The NRX/EST fuel-element production at WAFF and Y-12 was monitored, and
weekly status reports o:_fuel—element production and problems reflected.
the effects of fuel-element production upon schedules, expenditures,

process deévelopment, and fuel element materials research.

- Proposed specification changes and modifications for NRX-A5 fuel produc~

tion were revievwed, a.'! recommendacions‘were made in concert with SNPO-C.

(Text continued on page 68)
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Figure 15

' NRX-A3 Hot Rum, 23 April 1965
Looking Northwest from R~-MAD Building~
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Figure 16

NRX-A3 in Test Position
23 April 1965
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General review of WANL progress in the Ccmponent Test Program contimued,
including attendance at the Monthly Componént Test Review Meetings.
All available test data and reports were.reviewed, with special emphasis

placed on the review of:

EML-60 Core Effective Gap Tests

FFL-1T7 Plugged Core Tracer Gas Tests
HHT 1 and 2 Fuel-Element Corrosion Tests
HHT 15 Interstitial Corrosion Tests

Full coversge w&s provided for NRX-A3 dlsassembLy and post-mortem work
at NTO, 1nclud1ng prov1d1ng cognizant engineers for fuel corrosion °
information, reactor mechanical assembly and structural information
(including non-ruclear hardware corrosion data), and nuclear, thermal,
and fluld-flow informetion as applicable. The information obtained from
the A3 post-mortem will provide valunable background in determining the
adequacy of hardwarza design requirements, and dema&nd schedules, and

changes reguired as & result of reactor testing.

~

Representation was maintained on the NRX/EST CFD! 5, and XE~1 Project
Organlzations, providing muclear subsystem integration informatlon.

A study was completed~on CFDTS nuclear subsystem temperature limita-

. tions for heated core testing. This study showed that testing at the
proposed temperature levels was not feasible wifhout severe degradation

of reactor ccre componernts,

AGC Specification 90017, Nuulear Subsystem Specification for the XE-1
Engine was prepared. This specificatlion covers the mechanical, miclear,

thermal and fluld-flow muclear subsyswiem design lnquirements of the
XE-1 Engine,
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Investigations were made of the feasibility of removing all shipping
poison wires from the NRX/EST core at R-MAD and of the inverse count-
rate curve and pulse-neutron generdtor methods of.determining shut-
down reactivity. Procedures were developed in ccajunction with NTO
for pulling poison wires, while insuring that a $2 shut-down margin is
mainta{ned.

The OPTION, COMAT-2, and WANL-SI codes achieved operational status at
Aerojet, thus establishing better sources of information for systems

analysis, on the NRX/EST and XE Engi» : cool-down reguirements.

Mode-of-failure analyses of the dewar deludge system, the commercial
power system, and on-site power generating system were performed in

support of the NRX/EST program. There are 1t possibilities of single
failures which could lead to a loss of power at Test Cell "A" during

- a test.

The need_for a fluid-flow interface document became apparent, and meet-
ings between WANI: and REON analysis personnel were correspondingly
esfabiished which resulted in a State-Point Control document, approved
by REON, and in the hands of WANL for review and approval during this
period.

The required technical review of 130 WANL procurement packeges was
coordinated with REON subcontracts and other technical departments.
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1.4 THRUST CHAMBER ASSEMBLY (TCA)
1.4.0 ASSEMBLY

Design cognizance, technical liaison, and technical administration, of

TCA activities contimied, as required.

Interface review of TCA hardware contimied (in conjunction with the
review of Subtask 1.2 bardware) to’ ensure satisfactory fit-up prior
to the NRX/EST assembly. .

A test plan was initiated for a Hot RBleed Port Nozzle - Pressure Vessel
Hydrostatic Test.
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14,1 NOZZLE DEVELOPMENT

A. REPORTS
These Test Reports were completed:

RN-TM-0192, Final Test Report on Test Series 1.2-OL-NNS
Injector Development and Heat-Transfer Tests on S/N 012
Aluminum Nozzle

RN-TM-0186, Final Test Report on U-Tube nozzles S/N 008
and S/N 009 :

RN-TM-01T7TT7, Investigation of adapter coolant tube
erosion during Test Series 1.2-07-NNJ-005

RN-TM~0195, Test Report on hot-~bleed~port Test.
series 1.2-09-NNN conducted with an aluminum
jacketed nozzle S/N 013 and bolt-on bleed port

B. HOT-BLEED-PORT, U-TUBE CONFIGURATION NOZZLE AND BLEED PORT
ASSEMBLY WITH BOLT-ON BLEED PORT TO NOZZLE JOINT

1. Nozzle S/N 008

The diagnostic testing to determine the validity of the ultrasonic
inspection of the tube—to-tube-to-;}ack;et ‘braze joint has been conducted,
and memoranda reports have been written. In general, the tests were
not conclusive enough to warrant any further work on this method of

braze Jjoint inspection.

Work is now continuing on the structural test which will use this shell.
This testing will verify enalyticel stress eveluation of the bleed-port
boss and the pressure vessel-to-nozzle Joint. -

2. Nozzle S/N 021

The thermocouple pass-throughs, and most of the instrumentation bosses
on the _inlet torus heve been deleted, to expedite the completion of th;s
Joint, The bolt-coolant circuit and core-support-flange tabs will not
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be installed. Full instrumentation fittings are installed in the area
of tne hot-bleed port. The tube-pressure drop and temperature-rise
proflle instrumentationwere incorporated, and the nozzle has been -
instrumented to give further date with regard to heat-transfer (as
noted in the last progress report).

Water-flow tests of this nozzle indicated an average flow deficlency,
from the tubes bisected by the hot~-bleed-port, of about 11%. After
adjustment of the set screws, the maldistribution was reduced to about

8%.

After contouring the 26 feed and exit slots around the bleed port and
installing the port liner, the nozzle was ready for tube installation
by the end of April. This was accomplished, and the tubes were brazed
to the nozzle before the middle of May. Weld installation of all
component parts and final machining were completed early in June.

During the GN2 leak test, 20 leeks were detected and repaired.
Deposition of braze patches for heat-transfer studies and the various
hydrotests were completed late in June. The nozzle has now been cleaned

and is being built-up into a simlation test assembly.

All testing under this item has been completed and reported in the
previous qﬁarterly letter. All future testing will be conducted and
reported under Item 1.h4.7.
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1.4.2 THRUST STRUCTURE

A, CFDTS THRUST STRUCTURE

Work on the CFDTS UTS proof-test report has been completed, and this
report will be published next quarter. Evaluation of the CFDTS LIS
vroof test date wes continued.

B. XE UPPER THRUST STRUCTURE (UTS)

Preliminary design of the UTS to incorporate remote assembly/dis:tssembly
at the UTS/ shield interface was continued during the quarter. :

Preliminary stress analysis of UIS changes to incorporate remote
assembly and disassenbly of the UIS and shield was performed.

A transient thermal analysis of the UTS and pump inlet line connection
was made vo evaluate the capability of ’mhe Cryogenic Labora.tory in
achieving the maximum line cool~down for the UTS thermel stress test.
The test objective is to demonstra'be and eveluate the structural
integrity of the connection with the line at IHy temperature (-lfl6°F
at 40 psia). Results showed several satisfactory alternatives éxis‘c
uysing various run and storage tank sequencing.

¢. UPPER THRUST STRUCTURE DESIGN AID
Figure 17 shows the initial full size XE-1 type UTS design aid.

The fabrication of this unit was completed by Aeronca Menufacturing
Corporatian on 24 June 1965. Completion wes delayed three weeks,
primerily because of match:-plate aveilability problems. To facilitate
the TSA/UTS* interface test program use, this particular unit wes
fabricated wlthout the removable panels, which will be installed'on

* TSA/UTS = Test Stand Adapter for the Upper Thrust Structure
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XE-1 Upper Thrust Structur:

Design Ald
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all subsequent units. New important features of the UTS design aild
are the upper plate with interface cutouts and attachment hcles for
electrical connectors and various lines and the exbernal guide pins,
which are shown in Figure 18. As a means of improving strength,
guality, and lowering the cost, the end fi.tings were made from
2014-T6 alumimim alloy forgings (See Figure 19), which contrust with
the earlier units, which were madz from welded 6061-0 alumimum alloy

plate and heat treated to the T-6 temperature.

The assembly jig previously built to assemble the 60-inch long CFDIS
UTS was modified to incorporate the 9h.75-inck XE-1 length in this unit.
Forging dies were provided to fabricate the aluminum end fittings.

Delivery of the design aid will be mede to Aerojet in ouly following
the structural testing of the unit, also to take place at Aeronca.

A test plan for the UIS design ald structural test was completed, with

these objectives:
To demonstrate structural integrity for XE-1 loads.

To obtain defl:zction data including & thorough survey
of the remote interface deflections due to similated
electrical connector loads. "

D. LOWER THRUST STRUCTURE (I17S)

Pr-liminery design effort was initiated on the XE-l lower thrust
st~ eure, with primary emphasis in the area of the IZS-PV jolnt. A

preliminary stress study wes completed on a LTS/PV joint concept.

A transient thermal analysis was inltiated of a redesigned lower
thrust structure flange ring and redesigned pressure vessel (A5 type),
forward flange. The purpose of the analysis 1s to determine the
thermal effect on the PV closure-cylinder.bolt and to provide thermal
profiles of the l;wer thrust structure for use in stress calculations.
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1.4.3 PRESSURE VESSEL
A, SEAIS
The evaluation report for the Cryogenic Test Series JI of the RRX-A
Pressure Vessel Closure Seal was published as REON Report RN-TM-0209.
The series evaluated AGC kod III PV closure seals, P/N's 705616 and

705620, inboard and ocutboard of the bolt circle respectively, and a
Tetraflunor seal, P/N TVS5-1648.

The evaluation report for the Pressure Vessel-Nozzle Seal Assembly
Confirmation Test (10TON) wes published as REON Report RN-S-0158.

The following pressure vessel seals are being fabricatel:
6 each Mod I outboard cylinder/closure seals,
P/N 286769, and P/N 286770
6 each Mod II cylinder/nozzle seals, P/N 702154

B. MATERTALS ENGINEERIRG

A summsrization of pressure vessel materials data was completed and
was published as REON Report RN-TM-0157. '

C. BNRX-A3

Engineering coverage was providea at NRDS for the disassembly of the

NRX-A3 pressure vessel components.

An evaluation was initisted of the pressure vessel assembly during the
NRX-A3 test program, to include the pressure vessel cylinder, closure,

seals and fasteners.

Analyses were initisted of NRX-A3 test Jata, to improve the mathematical
‘model of the pressure vessel used for temperature p'redictidné; and of
. NRX-A3 pressure vessel thermal strains, as an aid in the im.erpretation

of pressure vessel strain-gage data.
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D. KRX/EST
The NRX/EST pressure vessel details, which differed from the previous
NRX design, vere apvalyzed and.the results included in RN-TM-0217,

Structural Analysis of Non-Nuclear Components for NRX/EST Engine
System (Part I) Summary.

The NRX/EST pressure vessel cylinder S/N 00T (Figure 20), and fab-
rication of NRX/F5T closure S/N 008 (Figure 21), at The Marquardt
Corporation, Ogden, Utah were reworked. The vessel was delivered to
WARL, at Large, on 3 June 1965.

A test program was initiated to determine the structursl integrity

ana sealing charactzristics of the Marman Clamp/Conoseal configura-
tion chosen for the diluent and emergen:y cocldown ports 